This paper investigates how relative speed estimation of moving targets in Synthetic Aperture Radar (SAR) images is affected by strong stationary surrounding clutter. The result extends previous work by estimating moving target relative speed under the influence of clutter and Gaussian noise. The results obtained show that good estimates can be obtained even in situations with relatively high clutter and noise, i.e. SNR and SCR lower than 10dB.
INTRODUCTION
In the area of remote sensing it is of great interest to image the earth from air-or space based sensors. In response to this, a wide variety of sensors have been developed and used on space-and airborne missions. One of these is radar, which has the unique capability to form remote sensing images independent of weather conditions and daylight. The fact that the radiating source is extremely well known in space and time is a strong advantage of radar compared to optical and other passive sensors. The known source gives radar is unique capabilities to detect changes and motion, such as glacier drift to moving target detection. Also, Synthetic Aperture Radar (SAR) is a very strong remote sensing instrument due to its ability to form images with very high resolution at any range. 1 There are some problems when imaging with SAR, one is to handle the motion compensation needed for Ultra Wide Band (UWB) systems. This problem grows with increasing integration angle and for airborne systems this is normally more critical than for spaceborne systems. To minimize the errors in motion compensation for UWB SAR and to obtain a focused image, time domain backprojection algorithms are best suited [1] . In this research Global Backprojection [2] (GBP) is applied, which is the time domain algorithm that has highest computational cost but also highest accuracy. However, the results of this work are valid with other algorithms. Another effect associated with SAR is that when a moving target is present, the target will be displaced and smeared. Depending on integration time and the relative speed between target and platform, the smearing effect of the target will be more or less severe. However, this effect can be used to detect and to estimate the target properties. To focus a moving target many different approaches have been suggested. If the target is moving with constant speed during the integration time, the target can be focused if a new SAR image is processed using the targets normalized relative speed (NRS) [3] . In [4] an iterative procedure for focusing moving targets based on NRS estimates was presented and tested on data from the CARABAS-II system having a moving target at sea. Even though this system is a low frequency UWB SAR system having long integration time, results were promising, with good focus obtained after two iterations. This paper presents a study how NRS estimation accuracy is affected by the presence of strong stationary surrounding scatterers. The study consists in simulations of a SAR system according to the specifications of the CARABAS-II SAR, relating to the good experimental results found in [4] [5] . However in [4] [5] the target was found in an area with low clutter backscatter. This work therefore also relates to the existing low frequency systems at UHF. The lower frequency (VHF, UHF) bands are chosen, due to their strong ability to penetrate vegetation. The reason why the influence of stationary targets is concerned in this paper is that when using the long wavelengths and UWB systems, the background is low and most stationary objects act as very strong point targets. The effect of added white Gaussian noise in the SAR image is also investigated. The effect of the noise should illustrate the behavior of the estimator in microwave SAR where the clutter behaves similar to noise.
SPEED ESTIMATION FOR MOVING TARGETS IN SYNTHETIC APERTURE RADAR
When estimating speed for moving targets, different approaches can be undertaken. These approaches can mainly be divided into two groups, phase based or amplitude based. The phase based approaches estimate the phase of the moving target in the raw data or in the SAR image. Normally, the phase chirp rate in azimuth is used for estimating the speed of the target [6] [7] [8] [9] [10] . The amplitude based approaches also considers the phase, however they focus the target for a set of speeds [5, 11] . These algorithms are both used in the detection and the estimation phase. The speed which gives best focus is the most likely speed. The phase based approach has the advantage that for obtaining an estimate of the moving target speed, no SAR processing is needed and by that has a lower computational cost. The latter approach has the advantage that it focuses all energy and therefore increases the signal to clutter ratio. A third approach for estimating the motion parameters of a moving target is to create a set of SAR images and for each image estimate the image coordinates of the moving target. The set of estimated positions is used for estimating the speed of the moving target [12] . For estimating the chirp rate in a SAR image, which is needed for the phase based approaches; one can apply mainly two different methods. The first method is based on transforming the complex signal containing the moving target into a time-frequency domain by use of e.g. WignerVille transform or the ambiguity function. Then, the Hough transform is used in order to obtain the estimate of the speed. The other method is to apply a phase unwrap on the signal containing the moving target and then apply the finite difference operator twice. After this apply for instance the Gauss Markov estimator as proposed in [4] . This last method is used in this paper and its core can be described by (2) Where is the chirp rate in azimuth of the moving target in the SAR image, p is the NRS used when SAR processing and t is the NRS of the moving target. C is the covariance matrix of the clutter and noise and x 2 m (n) is the second derivative of the measured phase, where the phase is measured as explained in [4] . The centre wavelength is c and r t (t st ) is the true range to the target at time of stationary phase.
MOVING TARGET FOCUSING USING NRS
As the SAR sensor moves along a synthetic aperture, the range to any coordinate on ground is given by 2 (3) Where and are the ground coordinates in the alongtrack direction and the cross-track direction, respectively, h is the flight altitude of the sensor, t is time and v pl is the speed of the SAR platform. Assuming no target accelerations and let X t and Y t denote the coordinates of a focused target having NRS t . The range to the target from the platform can be described by
Where the NRS t , which depends on target speed in along-track v and cross-track v , is defined by 
We now let X p and Y p denote image coordinates for a SAR image processed at the NRS p . The range from the sensor to an arbitrary image coordinate will then be given by 2 2 2 , ,
We now see that if t of the target is known, we can focus the target at (X p , Y p ) = (X t , Y t ) in the SAR image, if we choose p = t .
SIMULATION EXPERIMENT SETUP
Two simulation experiments were undertaken, illustrated in Figure 1 and Figure 2 . In both experiments, the moving target under interest was distorted by clutter or noise in which the clutter was modeled as a point scatterer and the noise as additive white Gaussian noise. Our signal model for the SAR image in azimuth direction around the target is given in Equation 7. Where X is azimuth image coordinate and w is the additive Gaussian noise sequence having variance n 2 . The amplitude and initial phase of the moving target and stationary scatterer is given by A s , A c , 0,s and 0,c . The azimuth chirp rate which we want to estimate using Equation 1 is s , while c is the chirp rate of the stationary target.
Note that A s and A c will be different for each processing NRS due to the focusing effect [5] . However, for evaluation purposes, we can find these values for each processing speed we want to evaluate.
We define the Signal-to-Noise Ratio (SNR) and Signalto-Clutter Ratio (SCR) according to Equation 8 and Equation 9 . From these definitions one easily finds Clutterto-Noise Ratio (CNR). n 2 s A SNR (8) c s RCS RCS SCR = (9) To find the n 2 which correspond to a certain SNR and A s , we form the SAR image of only the moving target at the given NRS and choose the peak in the image as the signal amplitude. SCR is simply defined as the ratio between the radar cross sections (RCS) of the moving target and the stationary scatterer.
In SAR image formation, we use Global Backprojection (GBP) with an upsampling factor of 20 and a linear interpolation kernel. Simulation parameters used for both experiments are given in Table 1 . They are the same system parameters as used in [4] .
In the first experiment the moving target is distorted mainly by the point scatterer which is positioned in the track of the moving target. This is a simple way to model the kind of clutter which characterizes UWB VHF SAR, which means large scatterers that are often well separated and each acts similar to point scatterers. With the system parameters in Table 1 , there will be only one point scatterer in the resolution cell that causes this special clutter selection. In this experiment we extend the approach proposed in [4] by estimating the covariance of the stationary scatterer and compare with results achieved without taking the covariance of the stationary scatterer into account.
In the second experiment, the moving target is mainly distorted by the white Gaussian noise. This is to characterize the kind of distortion from clutter which occurs in microwave SAR. The noise is generated as white Gaussian noise in Matlab and for each SNR, 1000 noise distorted images are generated and the estimator is applied for each. From this set of estimates, the variance and the mean is calculated and this is displayed in Figure 3 and Figure 4 . Table 1 . SAR image formation parameters.
SIMULATION RESULTS
The results obtained for the two simulation experiments are displayed in Figure 3 and Figure 4 . In Figure 3 by extending the approach suggested in [4] considering the covariance matrix of the stationary scatterer, we obtain very close to the same results as covariance matrix based on an independent noise background as in [4] . For SCR of approximately 5 dB and above, error in the mean of the estimate is very low, even below 0.01 in NRS. This corresponds to an error of 1m/s in relative speed. This means that the estimate in the next iteration converge towards the true NRS. One could argue these errors are quite high. However, the estimates in this study are not final estimates, only first iteration estimates and as in [4] there should be further estimates to get the correct speed. Further iterations are not considered here because the purpose of this study is to investigate the effect of strong stationary surrounding upon the first iteration estimates.
In Figure 4 we see that the variance decreases until approximately 7dB, after which it is very small. However, already at such low SNR as 4dB, we can see that the mean estimate is good and the variance is about 0.01 NRS, thus allowing for good first iteration estimates. This is a promising result, as it means that if we just detect a target with very low signal level compared to a noisy background, we can be able to get a good first iteration estimate and will be able to converge into a good final NRS estimate. A further simulation experiment was made, where the Processing NRS was changed to 1, i.e focusing for a stationary scene. The result is shown in Figure 5 . When taking the covariance of the stationary target into account, the first estimate is better compared to when the covariance matrix is only based on noise.
It should further be noted that the estimator has a bias even at high SCR or SNR. It has been found in the simulation experiments that when varying target NRS from a value near processed NRS to values further away from processed NRS, this bias will increase.
CONCLUCIONS AND DISCUSSION
The work presented in this paper shows that good estimates of moving target relative speed can be obtained by a UWB SAR system. The results can be obtained even when SCR or SNR is relatively low. The threshold is around 4dB for SNR and about 5dB for SCR in order to obtain good first iteration estimates. The main contributions of this work is to investigate the behavior of the estimator introduced in [4] and finding estimation thresholds with regard to SCR and SNR as well as extending the approach by estimating the covariance matrix of the clutter. The results show the thresholds are low in both SNR and SCR. A final conclusion is that when taking the clutter into account when estimating the covariance matrix an improvement is obtained when SAR processing for a stationary scene.
